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ABSTRACT 


Si 


The  technical  information  obtained  from  the  tests  that  were  conducted  in  this 
supplemental  program  will  be  useful  in  the  design  and  fabrication  of  pres- 
surized reinforced-elastome r sonar  domes  of  the  near  future.  Although  the 
program  was  designed  around  the  requirements  of  the  AN/SQS-26  sonar 
dome,  the  data  obtained  can  be  used  in  the  design  and  fabrication  of  almost 
any  type  or  configuration  of  reinforced-elastomer  sonar  dome.  This  pro- 
gram was  not  designed  to  establish  a fabrication  procedure  for  a sonar  dome. 

Model  test  results  demonstrated  that  it  is  feasible  to  fabricate  sonar  domes 
of  the  size  of  the  AN/SQS-26  in  one  piece,  using  polyester  tire  cord  and  air- 
cured  polyurethane. 

The  acoustical  properties  of  the  polyurethane  and  polyester  tire-cord  type 
construction  are  not  equal  to  those  of  natural  rubber  and  polyester  tire -cord  ' 
constructions . 

Antifoulant  coatings  and  the  physical  properties  of  the  polyester  and  steel 
wire  were  not  degraded  by  high-power  acoustic  energy.  Likewise  the  sound 
transmission  values  of  the  panels  were  not  degraded  due  to  the  application 
of  the  antifoulant  coatings  or  by  prolonged  operation.  Acoustic  tests  showed 
that  db  loss  increases  as  the  frequency  increases.  These  tests  also  estab- 
lished that  the  db  loss  decreased  as  the  pressure  on  the  panel  was  increased 

Deflection  tests  that  were  conducted  on  polyester -cord,  reinforced-rubber 
panels  established  the  percentage  of  elongation  at  25,  50  and  75  psi,  and  the 
burst  pressure.  At  50  psi,  the  inherent  creep  of  the  reinforcement  material 
stabilized  within  48  hr,  and  the  range  of  elongation  was  only  2.  18  to  3.  60  per- 
cent. Burst  pressures  were  18  to  43  times  50  psi  on  the  five  specimens  that 
were  tested. 
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The  purpose  of  this  supplement  to  the  sonar  dome  feasibility  study  program 
was  to  obtain  answers  to  the  following  questions: 

1.  Can  a model  sonar  dome,  the  size  and  shape  of  the 
AN/SQS-26,  be  fabricated  in  one  piece  using  Good- 
year's modified  filament  winding  technique  and  an  air- 
curing  polyurethane? 

2.  What  will  be  the  acoustical  properties  of  a flat  panel 
using  the  same  type  of  construction  as  that  used  in  the 
model  dome  ? 

3.  Will  submitting  flat  panels,  of  polyester-reinforced 
conventional  rubber  dome  construction  to  a prolonged 
environment  of  high-power  acoustic  energy  be  detri- 
mental to  their  physical  and  acoustic  properties  ? 

4.  What  transmission  losses  will  be  encountered  over  a 
frequency  range  of  2 through  150  kc  with  polyester - 
reinforced  conventional  rubber  dome  constructions? 

Also  what  effect  will  hydrostatic  pressure  have  on  the 
acoustic  properties  of  these  constructions? 

5.  What  will  be  the  percentage  of  elongation  of  polyester - 
cord-reinforced  conventional  rubber  constructions  at 
25,  50  and  75  psi  in  both  the  wet  and  dry  condition? 


SECTION  II  - GENERAL  FACTUAL  DATA 


To  obtain  the  answers  to  the  questions  listed  in  Section  I the  following 
specimens  were  fabricated  and  tested: 


One  l/l6-scale  model  of  the  AN/SQS-26  dome  to 
evaluate  the  fabrication  technique  and  over -all 
feasibility. 

One  panel,  No.  830,  6 by  6 ft  by  1-9/16  in. , using 
polyester  tire  cord  and  polyurethane, subjected  to 
acoustic  transmission  tests  at  U.  S.  Navy  Under- 
water Sound  Research  Laboratory  (USNUSRL). 

Two  panels  5 by  5 ft  from  two  existing  6 by  6 ft 
panels,  both  panels  containing  a natural  rubber 
compound.  Panel  No.  375-3/2  had  polyester  tire- 
cord  reinforcement  and  was  1.66 -in.  thick.  Panel 
No.  378-3/1  had  steel  wire  tire -cord  reinforce- 
ment and  was  0.  85 -in.  thick.  Sections  of  both 
panels  were  coated  with  two  different  antifoulant 
coatings . 


Ten  panels,  30  by  30  in.  , of  various  reinforced 
conventional  rubber  constructions  and  thicknesses 
to  establish  transmission  losses  over  a frequency 
range  of  10  through  150  kc  at  varying  temperatures 
and  pressures.  Seven  of  these  panels  were  cut 
from  seven  of  the  nine  original  six-foot  panels  and 
three  were  made  new. 
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Five  panels  34-in.  diameter  using  three  different 
sizes  of  polyester  tire  cord  with  different  safety 
factors  to  establish  the  actual  percentage  of  elon- 
gation at  25,  50  and  75  psi.  These  panels  were 
cut  from  five  of  the  nine  original  six-foot  panels. 


2.  FABRICATION  PROCEDURES 


a.  Scale-Model  Dome 


The  l/l6-scale-model  dome  was  made  on  a male  wooden  form.  A 
release  agent  was  applied  to  the  form.  Pins  were  located  strategi- 
cally along  the  attachment  edge  of  the  form.  An  inner  liner  of  poly 
urethane  was  applied  to  the  form  and  cured  at  room  temperature. 


The  method  used  in  applying  the  polyester  reinforcement  cord  on 
this  model  was  developed  by  Goodyear  for  the  fabrication  of  large 
products  in  conjunction  with  an  air-curing  rubber.  This  technique 
is  called  modified  filament  winding.  A continuous  cord  was  used 
in  laying  up  each  ply.  The  cord  was  wound  back  and  forth  around 
the  strategically  located  pins  at  prescribed  angles  to  carry  the  loads 
that  were  defined  by  a previous  stress  analysis.  When  the  dome  was 
removed  from  the  form  holes  were  left  along  the  attaching  edge  for 
securing  the  dome  to  the  ship.  Because  the  cord  is  continuous  the 
applied  loads  will  be  carried  directly  to  the  attachment  hardware. 
Hence  it  will  not  be  necessary  to  depend  on  adhesion  or  mechanical 
clamping. 


After  each  complete  ply  was  wound  on  the  form,  the  cord  was  cov 
ered  and  encapsulated  with  polyurethane  which  was  air -cured  at 
room  temperature  before  the  next  ply  of  cord  was  applied.  Four 
plies  of  cord  were  wound  on  the  model.  Another  coat  of  polyure- 
thane was  applied  over  the  final  cord  ply  to  obtain  a smoother  out- 
side surface  finish. 
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When  the  model  had  cured,  the  pins  along  the  attachment  edge  were 
removed  and  the  model  was  easily  slid  off  the  form. 


b.  Six-Foot  Panel 


The  six -foot -square  panel  of  polyester  tire -cord  and  polyurethane 
was  made  on  a flat  building  table.  A release  agent  was  applied  to 
the  table  prior  to  the  application  of  the  polyurethane  inner  liner. 
The  polyester  tire  cord  was  layed  one  ply  at  a time,  each  followed 
by  the  application  of  polyurethane. 


The  cord  plies  were  layed  45  deg  to  each  other  until  a total  of  17 
plies  was  obtained.  The  finish  layer  of  polyurethane  was  applied 
over  the  final  cord  ply  for  a total  panel  thickness  of  0.  25  to  1.56  in 


After  the  panel  was  air-cured  a 100-percent  X-ray  inspection  was 
performed.  The  panel  was  then  trimmed  to  the  six-foot  size  and 
holes  were  drilled  along  all  four  edges  for  mounting  in  the  test  fix 
ture.at  USNUSRL. 


The  two  five -foot  panels  were  cut  from  six-foot  panels  which  were 
layed  up  on  a steel  plate.  Natural  rubber  was  calendered  onto  the 
polyester  and  steel  tire -cord  fabrics.  In  both  panels  the  cord  plies 
were  layed  up  45  deg  to  each  other.  The  polyester  cord  panel,  No. 
375-3/2,  had  17  plies  and  the  steel  wire  cord  panel,  No.  378-3/1, 
seven  plies.  A 0.25-in.  -thick  layer  of  rubber  was  applied  over  the 
last  cord  ply  on  each  panel.  The  panels  were  cured  in  an  autoclave 
us  mg  a vacuum  blanket. 


The  cured  panels  were  marked  off  on  both  sides  into  thirds  and  two 
different  antifoulant  coatings  were  applied  on  each  side,  leaving  one 
third  of  the  panel  surface  uncoated. 


d.  Thirty-Inch  Panels 
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defined  for  the  five -foot -square  panels,  except  that  no  antifoulant 
was  applied  to  these  panels.  In  this  group  there  were  seven  panels 
reinforced  with  polyester  cord  and  three  nonreinforced  natural 
rubber  panels.  Three  different  natural  rubber  compounds  and 
three  different  sizes  of  polyester  cord  were  represented  in  the  ten 
panels.  The  physical  makeup  of  the  ten  panels  is  given  in  Table  I. 
Seven  of  the  ten  panels  were  cut  from  seven  of  the  nine  original 
six-foot-square  panels  and  three  were  new. 

e . Deflection  Test  Specimens 

The  five  34 -in.  -diam  deflection  test  specimens  were  fabricated 
using  the  same  method  defined  for  the  five -foot  square  panels  less 
the  antifoulant  coatings.  The  physical  make-up  of  these  five  panels 
is  described  in  Table  II.  These  panels  were  cut  from  five  of  the 
original  nine  six-foot-square  panels. 

TEST  PROCEDURES 

a.  Scale -Model  Dome 

Physical  testing  was  not  planned  for  the  scale-model  dome.  There- 
fore only  a visual  inspection  was  made  of  the  completed  model  on 
which  the  final  results  are  based. 

b.  Acoustic  Transmission  Tests 

The  entire  surface  area  of  the  six-foot-square  polyurethane  and 
polyester  cord  panel,  Panel  No.  830,  was  X-rayed,  prior  to  ship- 
ment to  the  USNUSRL  for  acoustic  transmission  tests.  The  results 
of  the  acoustic  tests  on  Panel  No.  830  were  compared  with  the  re- 
sults on  Panel  No.  375-3,  because  both  panels  had  the  same  type  of 
reinforcement  and  number  of  plys  and  the  specific  gravities  of  the 
elastomers  were  equal. 
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c_.  Acoustic  Energy  Effects 

The  two  5 -ft  panels  were  first  subjected  to  high  acoustic  energy  at 
the  U.  S.  Navy  Underwater  Sound  Laboratory  (USNUSL)  for  200  hr 
to  determine  if  this  type  of  environment  would  remove  the  anti- 
foulant  coating  or  cause  degradation  of  the  acoustic  and  structural 
properties  on  this  type  of  construction  under  prolonged  operation. 
The  panels  were  again  subjected  to  acoustic  tests  at  USNUSRL  to 
determine  if  the  transmission  loss  characteristics  had  been  changed. 

d.  Hydrostatic  Pressure  Effects 

The  ten  30-in.  -square  panels  were  tested  at  the  USNUSRL  in  a pres- 
surized acoustic  chamber  over  a frequency  range  of  10  through  150 
kc  at  0 and  1000  psi.  These  tests  were  conducted  to  establish  the 
db  loss  of  conventional  constructions  at  higher  frequencies  and  to 
establish  the  effect  of  increased  pressure  in  relation  to  transmissi- 
bility. 

e . Deflection  Tests 

(1)  Preparation 

The  five  34-in.  -diam  deflection  test  specimens  were  tested  at 
Goodyear's  Wingfoot  Lake  test  facility.  Each  panel  had  40  holes 
around  the  edge  to  accommodate  the  40  studs  around  the  edge  of 
the  pressure  test  fixture.  A clamping  ring,  held  by  stud  nuts, 
torqued  to  450  in.  lb,  held  the  reinforcing  cords  to  prevent  them 
from  slipping  during  testing.  Each  panel  was  orientated  on  the 
test  fixture  with  its  maximum  strength  vertical  and  its  minimum 
strength  horizontal. 

(2)  Stabilization 

Prior  to  conducting  the  deflection  tests,  one  panel  in  the  dry 
state  was  installed  on  the  fixture  and  pressurized  to  25  psi. 
Deflection  measurements  were  made  immediately  after  the 
25-psi  pressure  was  obtained  and  every  15  min  thereafter  to 
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establish  the  elapsed  time  of  creep  to  initial  stabilization. 

Once  the  necessary  elapsed  time  period  was  established,  all 
panels  were  permitted  to  stand  for  that  time  period  prior  to 
taking  readings. 

(3)  Dry  Tests 

All  five  panels  were  first  tested  in  the  dry  condition  at  25,  50, 
and  75  psi. 

(4)  Wet  Tests 

After  the  dry  test  was  completed  on  a panel,  it  was  placed  in 
a fresh  water  tank  for  a minimum  of  seven  days  (168  hr),  prior 
to  conducting  the  wet  deflection  tests.  For  the  wet  test,  the 
panel  was  removed  from  the  water  soak  tank  and  immediately 
installed  on  the  test  fixture.  The  panel  was  then  pressurized 
to  75  psi  and  its  deflection  measured.  The  pressure  was  then 
reduced  and  maintained  at  50  psi  for  six  days.  Deflection 
measurements  were  recorded  each  day. 

Water  was  used  as  the  pressurizing  medium  in  all  of  these  test 
as  a precautionary  measure. 
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SECTION  III  - DETAIL  FACTUAL  DATA 


1.  SCALE -MODEL  DOME 

The  completed  scale -model  dome  shows  that  the  modified  filament- 
winding process  using  polyester  cord  encapsulated  with  polyurethane 
could  be  used  to  fabricate  a sonar  dome  for  the  AN/SQS-26  sonar. 
Figure  1 shows  the  model  dome  during  the  preliminary  stage  and  Fig- 
ure 2,  the  completed  model  dome  with  a typical  metal  edge  attachment. 
The  model  dome  has  been  viewed  by  personnel  of  the  Bureau  of  Ships  in 
Washington,  D.  C. 

Because  of  reservations  on  the  part  of  BuShip  personnel  concerning 
polyurethanes  for  sonar  applications,  further  Navy -sponsored  develop- 
ment work  on  this  process  has  been  discontinued. 

2.  SIX-FOOT  PANEL 

The  six -foot-square  polyester  cord  and  polyurethane  Panel  No.  830, 
was  X-rayed  for  physical  defects  and  foreign  material  prior  to  ship- 
ment to  the  USNUSRL  for  acoustic  transmission  testing. 

The  X-rays  showed  that  the  pane]  was  free  of  foreign  material.  How- 
ever, 45  of  the  48  X-rays,  showed  scattered  light  gray  areas  that  were 
entrapped-air  pockets  between  the  plys  of  cord.  These  areas  varied  in 
size  from  that  of  a pin-head  to  1 5/l 6 in.  in  diam  and  from  0.  010  to 
0.030-in.  thick.  The  average  diameter  of  the  airpockets  was  0.25  in. 
The  voids  were  not  dispersed  uniformly  throughout  the  panel.  For  com- 
parison purposes  it  should  be  noted  that  all  the  other  panels  made,  using 
conventional  elastomers,  were  X-rayed  and  found  to  be  free  of  foreign 
material  and  air  pockets. 


-10- 


SECTION  III  - DETAIL  FACTUAL  DATA 


Figure  1 - Scale -Model  Sonar  Dome  during  Construction 


Figure  2 - Scale -Model  Sonar  Dome  with  Typical  Edge  Attachment 

There  was  no  established  pattern  or  apparent  reason  for  the  voids.  No 
attempt  was  made  to  establish  the  percentage  or  volume  of  entrapped  air 

The  panel  was  shipped  to  the  USNUSRL  for  acoustic  tests.  The  results 
of  these  tests  are  recorded  in  the  USNUSRL  report,  Reference  1 


In  comparing  the  db  loss  of  Panel  No.  830  with  the  db  loss  on  Panel  No 
375-3/2,  which  is  approximately  equal  in  construction  and  was  tested 
using  the  same  test  procedure,  it  can  be  readily  seen  that  the  db  loss  o 
Panel  No.  830  is  higher  in  the  frequency  range  from  6 kc  through  60  kc 
This  is  attributed  to  the  entrapped  air  in  Panel  No.  830. 

Because  of  BuShips  reservations  mentioned  above  concerning  polyure- 
thane for  sonar  applications,  Navy -sponsor ed  de velonment-wnrk  to 
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3.  FIVE -FOOT  PANELS 

The  two  5 -ft  panels  that  were  coated  with  two  different  antifoulants, 
were  coded  No.  375-3/E  and  No.  378-3/1.  These  panels  were  subjected 
to  acoustic  tests  before  portions  were  coated  with  two  antifoulants.  The 
results  of  these  tests  are  recorded  in  the  USNUSRL  report,  Reference  2. 
At  that  time  the  panels  were  six-feet  square  and  were  coded  No.  375-3 
and  No.  378 -3 . 

With  the  antifoulant  coatings  applied  the  two  panels  were  subjected  to 
200  hr  of  high-power  transmission  by  USNUSL  at  the  Dodge  Pond  Field 
Station. 

The  results  of  this  test  showed  that  the  rubber-base  antifoulant  main- 
tained adhesion  and  that  physical  degradation  was  not  apparent  visually. 
Temperature  checks  showed  that  the  internal  temperature  did  not  change 
appreciably  (see  Figure  3).  The  results  of  these  tests  are  recorded  in 
Reference  3. 

The  panels  were  returned  to  USNUSRL  for  transmissibility  tests  to  de- 
termine if  prolonged  exposure  to  high-power  sound  transmission  or  the 
addition  of  antifoulant  coatings  degraded  the  acoustic  transmission  quali- 
ties. The  results  of  these  tests  are  recorded  in  Reference  1.  In  com- 
paring the  results  in  References  2 and  1,  it  is  immediately  observed 
the  second  test  results  are  better  than  the  first.  However,  there  were 
variations  in  the  test  conditions.  The  temperature  during  the  second 
test  was  27  C while  during  the  first  test  it  was  15  C. 

The  velocity  of  sound  at  15  C is  equal  in  both  sea  water  and  natural 
rubber.  At  27  C the  velocity  of  sound  in  water  increases  while  in  nat- 
ural rubber  it  decreases  and  thereby  creates  a slight  impedance  mis- 
match. 

Therefore,  it  appears  that  the  first  test  results  should  have  been  better 
than  the  second. 
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However,  in  comparing  the  actual  recorded  db-loss  difference  at  20  kc, 
the  maximum  difference  was  on  Panel  No.  378-3  and  was  only  0.  5 db. 
According  to  personnel  at  the  USNUSRL  the  accuracy  of  this  type  of 
measurement  is  ±0.2  db.  The  remaining  0.  3-db  loss  could  easily  be 
consumed  by  the  other  variations  in  the  testing. 

The  second  tests  were  conducted  at  a greater  depth  than  the  first  and 
consequently  a difference  of  approximately  6 psi  existed  between  the 
two.  This  increase  in  pressure  would  have  the  tendency  to  reduce  the 
db  loss.  Also  the  two  panels  had  the  ends  of  the  reinforcement  cords 
exposed  to  the  water,  which  permitted  the  water  to  wick  into  the  cord 
and  improve  the  transmissibility . 

4.  THIRTY-INCH  PANELS 

The  ten  30-in.  panels  were  tested  at  the  USNUSRL.  The  results  of  these 
tests  are  contained  in  Reference  4.  Although  seven  of  the  ten  panels 
were  cut  from  panels  tested  and  recorded  in  Reference  2,  a comparison 
of  the  test  data  is  not  practical  because  the  test  setup  and  procedure 
was  completely  different. 

An  analysis  of  the  test  data  recorded  in  Reference  4 revealed  the  follow- 
ing facts.  On  the  reinforced  panels,  over  a frequency  range  of  10  kc 
through  150  kc,  at  0 psi,  the  losses  ranged  from  <0.5  db  to  29.0  db. 

The  db-loss  increased  with  frequency.  When  the  testing  temperature 
was  changed  21  C the  difference  in  db  loss  varied  from  0.0  db  to  6.3  db. 
Panel  No.  374-2/1  was  not  considered  in  this  latter  analysis  due  to  spe- 
cial handling  noted  in  Reference  4. 

When  the  same  panels  were  tested  over  the  same  frequency  range  but  at 
1000  psi,  the  losses  varied  from  <0.5  to  7.2  db.  When  the  tempera- 
ture was  changed  21  C the  difference  in  db  loss  varied  from  0.  3 db  to 
1. 5 db. 


An  analysis  of  the  data  on  Panel  No.  374-2/1  shows  a 12 -db  loss  at 
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at  150  kc,  25  C and  0 psi.  At  150  kc,  25  C,  and  1000  psi  the  loss  was 
only  3.  0 db,  an  improvement  of  9 db  due  to  pressure.  However,  when 
held  at  10  psi  for  15  hr  prior  to  conducting  the  test  at  0 psi  a 3. 6-db-loss 
was  obtained  at  150  kc  at  4 C.  When  the  pressure  was  increased  to  1000 
psi  and  at  4 C the  db-loss  at  150  kc  was  3.  3 db,  an  improvement  of  only 
0.3  db.  Therefore,  db  loss  decreases  as  pressure  increases,  and  low 
pressure  (10  psi)  appears  to  benefit  this  condition  almost  as  much  as  high 
pressure. 

The  test  data  on  the  nonreinforced  elastomer  panels  revealed  that  the 
db-loss  over  a frequency  range  of  10  kc  through  150  kc  at  0 psi,  and 
25  C varied  from  0.  5 db  to  0. 9 db.  By  changing  only  the  pressure  to 
1000  psi  the  db-loss  dropped  to  0.  5 db  in  all  specimens. 

When  the  temperature  was  changed  21  C the  db-losses  changed  slightly 
at  0 psi  and  when  the  pressure  was  increased  the  db-loss  decreased  in 
general. 

5.  DEFLECTION  TEST  SPECIMENS 

The  five  34 -in.  -deflection  test  specimens  were  tested  by  the  Goodyear 
■ Tire  and  Rubber  Company. 

Prior  to  conducting  the  main  tests  a pretest  check  was  run  to  establish 
the  amount  of  time  required  for  the  specimens  to  obtain  initial  set  at 
the  lowest  testing  pressure.  The  test  was  conducted  on  Panel  No.  374- 
2/2,  at  25  psi  in  the  dry  condition.  Deflection  measurements  were 
taken  immediately  after  the  25  psi  was  obtained  and  every  15  min  there- 
after until  the  readings  duplicated.  The  percentage  of  elongation  was 
calculated  and  is  recorded  in  Table  III.  The  actual  measurements  and 
curves  are  given  in  Figure  4. 

As  a precautionary  measure,  a drum  test  was  conducted  on  Panel  No. 
374-3/2  in  the  wet  condition  to  establish  if  any  slippage  was  occurring 
when  under  test  and  if  so  to  what  degree.  The  actual  measurements 
and  curves  are  recorded  in  Figure  5.  The  compiled  data  calculated 
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re  5 . Pretest  Pressure  versus  Deflection  Data,  Panel  No 
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from  these  measurements  are  given  in  Table  III.  The  results  did  not 
indicate  any  slippage. 

With  the  initial  set-time  established  at  30  min,  all  subsequent  deflection 
measurements  were  made  after  a specimen  had  been  at  the  testing  pres- 
sure for  30  min  or  more. 

All  five  specimens  were  first  tested  in  the  dry  condition  at  25  psi,  50 
psi,  and  75  psi.  These  deflection  measurements  are  shown  in  Fig- 
ures 6 through  10  for  Panels  No.  374-2/2,  374-3/2,  374-4/2,  376-3/2, 
and  377-3/2  respectively.  All  measurements  shown  in  these  figures 
were  taken  from  the  reference  line.  Hence  to  obtain  deflection  values 
it  is  necessary  to  subtract  the  measurement  data  from  the  constant 
4.750-in.  dimension. 

Although  the  specimens  were  34  in.  in  diameter,  the  testing  area  was 
29.50  in.  in  diameter. 

The  percentage  of  elongation  was  calculated  using  the  following  formula: 

E = 100  - 100 

where 

E = elongation  in  percent 
L = length  of  arc 

C = chord  length( 2-9 . 50 -in.  , constant) 

The  arc  length  was  calculated  using  the  following  formula: 


L 


8 /2Rm  - C 
3 


whe  re: 


R = radius 

m = deflection  at  C/2  point 
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Figure  6 - Pressure  versus  Deflection  Data  for  Panel  No.  374-2/2,  Dry 
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Figure  8 - Pressure  versus  Deflection  Data  for  Panel  No.  374-4/2,  Dry 


Figure  9 - Pressure  versus  Deflection  Data  for  Panel  No.  376-3/2,  Dry 
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c = chord  length(29. 50  constant) 
L.  = arc  length  in  inches 


The  radius  was  calculated  using  the  following  formula: 


R 


-2  A . 2 
C + 4m 

8m 


where 


R = radius  in  inches 

C = chord  length(29  . 50  constant) 

m = deflection  A C/2  point  (Pin  No. 

15  on  figures) 

To  obtain  true  "m"  subtract  measurement  given  on  figures  at  Pin  No.  15 
from  4.  750  inch  dimension. 

Example 

m = 4. 750  - 2. 000 
= 2. 750 

The  compiled  data  for  the  dry  test,  expressed  as  pressure  versus  per- 
cent elongation,  is  given  in  Table  IV. 

The  calculated  burst  pressure  for  the  five  specimens  is  also  listed  in 
Table  IV  and  is  based  on  the  calculated  ultimate  strength  of  the  panels 
and  the  average  ultimate  elongation  of  the  reinforcement  material  ob- 
tained from  test. 

The  following  formula  was  used  to  obtain  the  arc  length  (in  inches)  at 
ultimate  elongation: 

L = CE 


where 


C = chord  length(29 . 50  in.  ) 

E = ultimate  elongation  in  percent 
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To  find  the  deflection  at  the  midpoint  of  the  arc  length  it  is  necessary  to 
solve  for  the  chord  length  of  one  half  the  arc  length. 

The  following  formula  was  used  to  determine  the  l/2  arc  length  chord: 

3L  + C 


d = 


TT 


where 


d = chord  length  of  L/2  (in.  ) 

L = arc  length  (in.  ) 

C = chord  length  (29. 50  in.  ) 

The  maximum  deflection  at  burst  was  calculated  using  the  following 
formula: 


m = 


C 

T 


where 


m = deflection  at  center  (in. ) 

d = chord  length  of  L/2  (in.  ) 

C = chord  length  (29. 50  in.  ) 

2 2 

Using  the  new  deflection  dimension  R = C + 4m  /8m  the  burst 
pressure  can  be  calculated  using  the  following  formula: 

2S 


P = 


TT 


where 


P = burst  pressure  (psi) 

S = stress  (ultimate)  taken  from 
Table  II 

R = radius  at  maximum  deflection 
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The  percentages  of  elongation  obtained  are  considered  average.  As  each 
panel  completed  the  sequence  for  the  dry  test,  it  was  submerged  in 
fresh  water  to  soak  for  a minimum  of  seven  days.  Past  experience  has 
established  that  synthetic  fibers  soaked  in  water  experience  their  great- 
est change  within  the  first  48  hr.  Because  the  wet  tests  were  time  con- 
suming, the  soak  period  for  the  panels  varied  from  8 to  38  days.  How- 
ever, tests  conducted  by  Goodyear  on  synthetic  fibers,  exposed  to 
5000  psi  in  simulated  sea  water  over  a period  of  763  days,  revealed  that 
polyester  fibers  still  had  96.  5 percent  of  their  quick-break  strength  after 
this  period  of  soaking.  Therefore  the  variation  in  soak  time  on  these 
panels  was  considered  to  have  little  or  no  effect  on  the  end  test  results. 

The  deflection  measurements  are  shown  in  Figures  11  through  15  for 
Panels  No.  374-2/2,  374-3/2,  374-4/2,  376-3/2  and  377-3/2  respec- 
tively. 

The  compiled  data  for  the  wet  test,  expressed  as  pressure  versus  elon- 
gation, is  given  in  Table  V. 

The  percentage  of  elongation  was  calculated  as  defined  for  the  dry  test. 

No  attempt  was  made  to  establish  the  burst  pressure  in  the  wet  condition. 
The  percentage  of  elongation  in  the  wet  condition  increased  only  0.  28  to 
0.  66  percent  over  the  dry  test. 

In  Table  V the  percentage  of  horizontal  elongation  under  prolonged  con- 
ditions at  50  psi  is  given  in  the  first  three  columns  which  show  elongation 
at  the  end  of  24,  48,  and  144  hr.  Horizontal  data  only  are  given  because 
they  are  the  highest  values. 

In  all  cases  except  one,  the  percentage  of  elongation  at  the  end  of  48  hr 
was  equal  to  the  elongation  at  the  end  of  144  hr.  The  calculated  radii  at 
50  psi  after  144  hr  on  Panel  No.  374-3/2  are  39.073  in.  and  39.274  in. 
for  the  horizontal  and  vertical  respectively.  The  stresses  involved  are 
976,82  lb/in.  and  981.85  lb/in.  respectively.  These  stresses,  when 
compared  to  the  ultimate  strengths  given  in  Table  II,  were  found  to  be 
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Figure  11  - Pressure  versus  Deflection  Data  for  Panel  No.  374-2/2,  Wet 


e 12  - Pressure  versus  Deflection  Data  for  Panel  No.  374-3/2,  Wet 
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Figure  13  - Pressure  versus  Deflection  Data  for  Panel  No.  374-4/2,  Wet 
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only  6.  71  and  5.99  percent  of  the  quick -break  strength.  Goodyear  has 
never  conducted  time -load  tests  at  such  low  loads  on  any  type  of  syn- 
thetic fiber.  The  lowest  loading  ever  used  was  60  percent  of  the  quick- 
break  strength,  and  it  was  found  that  polyester  fiber  could  carry  60  per- 
cent of  the  quick -break  load  for  ten  years. 

Goodyear's  test  facility  was  not  equipped  to  subject  the  panels  to  burst 
pressures . 

6.  PHYSICAL  PROPERTIES  OF  ELASTOMER  COMPOUNDS 

The  physical  properties  of  the  elastomer  compounds  that  were  used  to 
make  both  elastomer  panels  and  elastomer -reinforced  panels  are  given, 
for  reference  purposes,  in  Table  VI.  Pertinent  properties  of  sea  water 
are  also  listed  for  comparison. 


TABLE  VI  - PHYSICAL  PROPERTIES  OF 
ELASTOMER  COMPOUNDS  USED  IN  ACOUSTIC  PANELS 


Material 

compound 

number 

Velocity, 
c at  22  C 
(cm/sec) 

Density,  p 
(grams/ cc) 

1 

Acoustic 
impedence,  | 
pc  (grams/ 
sq  cu/sec)  j 

Tensile 
strength, j 
ultimate 
(psi) 

300 

percent 

modulus 

(psi) 

Durometer 
(Shore  A) 

Compression 

set 

(percent) 

Tear 

resistance 
(lb/in.)  : 

Water 
absorption 
in  48  hr 
at  25  C 
(percent) 

4799 

natural 

rubber, 

154, 000 

0.98 

151, 000 

2,200  j 

180 

37 

62 

165 

gum 

TM3 

natural 

rubber, 

black 

157, 000 

1.  10 

172, 700 

3,  600 

1,  750 

58 

18 

0.  8 

G 265 
natural 
rubber, 
black 

1.01 

3,  000 

1, 650 

50 

1.01 

U rethane 

156. 000 

1.  107 

172, 700 

5,  000 

2, 400* 
1,  1 50  + 

90 

Sea  water 

« 

156,  500 

1.03 

161. 200 

400  percent. 


*200  pe  rcent. 
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Department  of  the  Navy,  Office  of  Naval  Research 
USN  UNDERWATER  SOUND  REFERENCE  LABORATORY 
P.O.  Box  8337.  Orlando.  Florida 


WLP/hs 
RP-2711 
6 Oct  1964 


CALIBRATION  REPORT  No.  2218 


Subj:  Goodyear  Elastomer  panels  Code  Numbers  375-3/2,  378-3/1, 
and  830;  measurements  on 


Ref:  (a)  Goodyear  Aerospace  Corp.  Itr  WS-5053  of  11  Feb  1964  and 

BUSHIPS  endorsement  NObsr  91065  Ser  G88E-119  ot  4 Mar  1964 

(b)  Goodyear  Tire  and  Rubber  Co.  Itr  Ref  AQH764-141  of  20  Jul  1964 

(c)  USRL  Calibration  Report  No.  2131  (RP-2677)  of  3 Feb  1964 

(d)  USRL  Calibration  Report  No.  2215  (RP-2711)  of  22  Sep  1964 


Enel:  (1)  Table  1 


1.  Three  reinforced  elastomer  panels  were  evaluated  for  Goodyear  Aero- 
space Corp.  and  Goodyear  Tire  and  Rubber  Co.  as  requested  and  authorized 
by  references  (a)  and  (b)  in  connection  with  contract  NObsr  91065.  Two  of 
the  panels  were  5 ft  square,  having  been  cilt  from  the  0-ft-square  panels 
evaluated  in  January  1964.  The  results  of  that  evaluation  were  reported  in 
reference  (c).  The  third  panel,  Code  No.  830,  was  6 ft  square  and  had  not 
been  submitted  for  evaluation  previously. 


2.  The  effect  of  hydrostatic  pressure  on  the  transmission  of  the  30-inch 
samples,  reported  in  reference  (d),  indicated  that  the  best  results  are 
obtained  when  maximum  hydrostatic  pressure  is  on  the  samples.  Because  the 
5-ft  and  larger  panels  could  not  be  tested  in  the  anechoic  tan*,  they  were 
lowered  to  the  maximum  test  depth  in  the  open-water  facility,  placing  the 
centers  of  the  panels  at  the  depth  20  feet.  The  panels  were  soaked  (or  more 
than  12  hours  before  acoustic  measurements  were  made. 


3.  The  results  of  the  measurements  are  shown  in  table  1,  enclosure  (1).  The 
transmission  loss  at  low  frequencies  was  too  smali  to  be  measured;  the  nota- 
tion ” <0. 5”  indicates  a value  between  0. 0 and  0. 5 dB  that  could  not  be  deter- 
mined accurately  because  of  the  nature  of  the  data.  The  measurements  were 
extended  to  the  frequency  60  kc  where  the  transmission  losses  were  sufficiently 
high  to  indicate  that  measurements  at  higher  frequencies  would  be  of  little 
value.  The  test  transducer  arrangement  at  this  greater -than -usual  depth 
limited  the  measurements  to  those  for  normal-incident  sound.  The  effect  of 
increasing  angle  of  incidence  was  shown  in  reference  (c)  to  be  essentially 
equivalent  to  n orc  loss  through  a greater  thickness  of  material. 
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4.  Reflection  measurements  were  not  made  because  it  has  been  shown  pre- 
viously fo~  these  materials  that  under  conditions  of  high  transmission  (low 
loss),  only  1 to  2%  of  the  incident  sound  energy  ia  reflected. 
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Table  1 

TRANSMISSION  LOSS 
(in  decibels) 

Normal-Incident  Sound 
Temperatures  27^0 
Pressures  8.7  psig  at  panel  center 

GOODYEAR  REINFORCED  ELASTOMER  PANELS 


Freq 

(kc) 

Panel  Code  No 

.* 

375-3/2 

373-3/1 

830 

2 

<0.5 

<0.5 

<0.5 

4 

<0.5 

<0.5 

<0.5 

6 

<0.5 

<0.5 

0.7 

8 

<0.5 

0.6 

l.u 

10 

<0.5 

0.8 

1.3 

12 

<0.5 

1.4 

1.5 

14 

<0.5 

1.9 

1.7 

16 

C.6 

2.5 

2.2 

18 

0.3 

2.7 

2.5 

20 

1.0 

3.3 

3.0 

25 

1.4 

4.2 

3.7 

30 

1.6 

4.1 

4.4 

35 

1.8 

3.7 

5.2 

40 

2.6 

3.6 

6.2 

45 

3.5 

3.4 

7.3 

50 

4.5 

3.3 

8.6 

55 

5.0 

3.2 

10.0 

60 

5.5 

3.2 

11.5 

•Panel  375-3/2  was  5 ft  square,  1-5/8  In. 
thick,  cord-reinforced | cord  exposed  at 
two  cut  edges.  The  original  6-ft-square 
panel  was  No.  375-3. 

Panel  378-3/1  was  5 ft  square,  7/8- in.  thick, 
steel -relnforcedi  steel  exposed  at  two  cut 
edges.  The  original  6-ft  square  panel  was 
No.  378-3. 


Panel  830  was  6 ft  square,  1-7/8  in.  thick 
cord-reinforced|  cord  exposed  on  four  cut 


GER-1 1855 
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Department  of  the  Navy,  Office  of  Naval  Research  CRB/hs 

USN  UNDERWATER  SOUND  REFERENCE  LABORATORY  RP-26Y7 
P.  O.  Sox  8337,  Orlando,  Florida  32806 3 Feb  1SG4 

CALIBRATION  REPORT  No.  2131 

Subj:  Goodyear  elastomer-coated  reinforced  panels;  measurements  on 

Ref:  (a)  Goodyear  Aerospace  Corp  ltr  WS-4916  of  15  Nov  1963  to  BUSKIP3 

(b)  BUSHIPS  ltr  NObsr  91065  Ser  688E-537  of  16  Dec  1963 

End:  (1)  Tables  1 through  10 

1.  Seven  elastomer-coated  cord-reinforced  panels,  one  elastomer -coated 
metal-reinforced  panel,  and  one  gum-rubber  panel  were  evaluated  for  the 
Goodyear  Aerospace  Corp.  as  requested  in  reference  (a)  and  authorized  in 
reference  (b)  in  connection  with  contract  NObsr  91065.  The  6 x 6-ft  square 
panels  are  described  in  Table  1,  enclosure  (1). 

2.  The  transmission  loss  of  each  panel  was  measured  at  5°  intervals  by  an 
"insertion  loss"  method  at  orientations  from  0°  to  45°  measured  from  a line 
normal  to  the  test  panel  at  the  center.  The  results  of  these  measurements  are 
shown  in  Tables  2 through  10.  For  measurements  of  this  type  the  accuracy  is 
±0. 2 dB.  The  dimensions  of  the  panels  allowed  the  use  of  continuous  -wave 
sound  at  low  frequencies,  where  pulsing  is  not  practical. 

3.  At  the  request  of  Mr.  Theodore  Underwood,  Goodyear  representative,  the 
transmission  loss  was  measured  on  panel  serial  377-3  with  each  side  of  the 
panel  facing  the  sound  source.  The  difference  was  negligible. 

4.  Reflection  from  panel  serial  265-0,  which  had  a low  transmission  loss  it 
all  frequencies  and  angles,  and  serial  377-3  which  had  the  highest  transmission 
loss  per  inch  thickness  of  the  cord-reinforced  materials,  was  measured  over 
the  frequency  range  5 to  20  kc  by  both  continuous-wave  and  pulsing  techniques. 
The  results  by  the  two  methods  were  substantially  the  same,  and  the  reflection 
varied  from  2%  of  incident-sound  intensity  for  panel  265-G  to  7 /q  for  panel 
377-3.  Measurements  were  limited  to  normal  incidence  and  frequencies  above 
5 kc  by  panel  size.  The  reflection  did  not  appear  to  be  a function  of  frequency. 

5.  Reflection  measurements  on  the  remaining  seven  panels  could  not  be  made 
in  the  time  scheduled  for  these  tests,  and  because  of  other  priority  work. 

6.  On  the  basis  of  paragraph  3 of  reference  (b)  the  data  reported  here  are 

“nClaSSified-  £ Art. 

CHARLES  R.  BOBO 
Acoustic  Calibration  Division 
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Table  1 

PANEL  DESCRIPTION* 
Goodyear  Elastomer  Panels 


* Type  of  elastomer  and  of  cord  not 
indicated  by  manufacturer. 

**  Stated  to  be  gum  rubber. 

Table  2 

TRANSMISSION  LOSS 
(in  decibels) 

Goodyear  Elastomer  Panel  No.  265-0 
Water  temp:  15°C 


Panel  No. 

Thickness 

(inches) 

Reinforcement 

265-0** 

1-3/4 

none 

373-3 

1-7/8 

cord 

374-2 

1-3/16 

cord 

374-3 

1-3/4 

cord 

374-4 

2-5/16 

cord 

375-3 

1-3/4 

cord 

376-3 

1-5/8 

cord 

377-3 

1-1/4 

cord 

378-3 

7/8 

cord  and  steel 

Freq 

(kc) 

Angle  of  Incidence 

0-45° 
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Table  3 


TRANSMISSION  LOSS 
(in  decibels) 

Goodyear  Reinforced  Elastomer  Panel  No.  373-3 
Water  temp:  15°C 


Angle  of  Incidence 
0-25°  I 30°  I 35°  I 40°  ] 45° 


1.0  1.0  1.0  1.0  1.0 

1.0  1.0  1.0  1.0  1.2 

1.0  1.0  1.2  1.5  1.7 

1.2  1.2  1.5  1.7  2.1 

1.3  1.3  1.7  1.9  2.5 

1.6  1.6  1.9  2.2  2.4 

1.7  1.7  2.1  2.3  2.6 

1.9  1.9  2.3  2.6  3.0 

1.8  i 1.8  1.9  2.3  2.9 

1.5  '1.8  2.0  2.5  3.2 

1.7  '1.9  2.1  2.5  3.4 

1.9  1.9  2.3  ; 3.1  3.7 

1.9  1 2.2  2.6  3.5  4.5 

2.0  2.4  3.0  4.1  5.3 


Table  4 

TRANSMISSION  LOSS 
(in  decibels) 

Goodyear  Reinforced  Elastomer  Panel  No.  374-2 
Water  temp:  15°C 


Angle  of  Incidence 

0-25° 

30° 

35° 



40° 

45° 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.9 

0.8 

0.8 

1.1 

1.3 

1.4 

1.2 

1.2 

1.4 

| 1.7 

1.9 

1.2 

1.2 

1.5 

1.7 

2.0 

1.5 

1.5 

1.7 

1.7 

1.9 

1.5 

1.5 

1.7 

1.8 

1.9 

1.4 

1.5 

1.7 

1.9 

2.1 

1.4 

1.6 

2.1 

2.3 

2.5 

1.0 

1.2 

1.7  i 

1.9 

2.2 

1.2 

1.4 

1.5 ! 

2.0 

2.3 

1.0 

1.2 

1.8  | 

2.2 

3.0 

1.3 

1.5 

1.8  J 

2.5 

3.1 
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Table  5 

TRANSMISSION  LOSS 
(in  decibels) 

Goodyear  Reinforced  Elastomer  Panel  No.  374-3 
Water  temps  15°C 


Angle  of  Incidence 


35° 

40° 

45° 

1.5 

1.5 

1.6 

1.6 

1.4 

1.5 

1.7 

1.7 

1.8 

2.1 

2.0 

2.2 

2.5 

2.3 

2.4 

2.7 

2.6 

2.8 

3.2 

2.3 

2.5 

3.2 

2.2 

2.3 

2.5 

2.4 

2.4 

2.8 

2.3 

2.5 

3.1 

2.5 

2.9 

3.6 

2.8 

3.5 

4.2 

3.1 

3.7 

4.5 

Table  6 


TRANSMISSION  LOSS 
(in  decibels) 

Goodyear  Reinforced  Elastomer  Panel.  No.  374-^4 
Water  temp:  15°C 


Angle  of  Incidence 

Freq ~j 

(kc)  0-20°  25°  30°  35°  40°  45° 


12 

1.6 

14 

1.3 

16 

1.4 

18 

1.8 

20 

2.1 

2.9  3.3  I 3.9 
2.9  3.4  ! 4.0 
2.6  3.3  I 4.1 
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Table  7 


TRANSMISSION  LOSS 
(in  decibels) 


Goodyear  Reinforced  Elastomer  Panel  No.  375-3 
Water  temp:  15°C 


Angle  of  Incidence 


Table  8 


TRANSMISSION  LOSS 
(in  decibels) 

Goodyear  Reinforced  Elastomer  Panel  No.  376-3 
Water  temp:  15°C 


Angle  of  Incidence 


0-30° 


0.8 

0.9 

1.0 

1.2 

1.0 

1.2 

1.2 

1.4 
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MEASUREMENT  ON  GOODYEAR  ELASTOMER  PANELS; 
CODE  NUMBERS  G265-0/1,  373-3/1,  374-2/1, 
374-3/1,  374-4/1,  375-3/1,  376-3/1, 

377-3/1,  4799-0/1,  AND  T113-0/1 


of  Nava 
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MORATORY 

i RP-271 

CALIBRATION  REPORT  No.  2215 

Subj:  Goodyear  Elastomer  Panels  Code  Nos.  G265-0/1,  373-3/1,  374-2/1, 
374-3/1,  374-4/1,  375-3/1,  376-3/1,  377-3/1,  4799-0/1,  and 
T113-0/1;  measurements  on 

Ref:  (a)  Goodyear  Aerospace  Corp.  ltr  WS-5053  of  11*  Feb  1964  with  BUSEZPS 

endorsement  NObsr  91065  Ser  688E-119  of  4 Mar  1964 

(b)  Goodyear  Tire  and  Rubber  Co.  ltr  Ref  AQE764-141  of  20  Jul  1964 

(c)  USRL  Calibration  Report  No.  2131  (RP-2677)  of  3 Feb  1964 

Enel:  (1)  Photograph  USRL  EXR  1-1903-8-64 
(2)  Tables  USRL  1 through  3 

1.  Seven  cord-reinforced  and  three  nonreinforced  elastomer  panels  were  evalu- 
ated for  Goodyear  Aerospace  Corp,  and  Goodyear  Tire  and  Rubber  Co.  as  re- 
quested and  authorized  by  references  (a)  and  (b)  in  connection  with  contract 
NObsr  91055.  The  panels  were  30  inches  square,  having  been  cut  from  the  6-ft- 
square  panels  evaluated  in  January,  1964.  The  results  of  that  evaluation  were 
reported  in  reference  (c).  The  purpose  of  the  investigation  by  Goodyear  is  to 
produce  reinforced  elastomers  with  high  tensile  strength  but  low  acoustic  trans- 
mission loss. 

2.  The  initial  test  results,  reference  (c),  indicated  that  additional  measurements 
at  frequencies  from  20  to  1 50  kc  would  be  of  value.  The  higher  frequency  range 
would  permit  the  use  of  smaller  samples  and  also  make  it  possible  to  conduct 
tests  in  the  USRL  anechoic  tank  at  hydrostatic  pressures  to  1000  psig  and  at 
temperatures  other  than  ambient.  By  endorsement  to  reference  (a),  the  Bureau 
of  Ships  requested  that  measurements  be  extended  even  higher,  to  the  frequency 
350  kc,  and  to  low  temperatures. 

3.  Enclosure  (1)  shows  a panel  rigged  for  tests  in  the  anechoic  tank.  The  probe- 
type  hydrophone  is  placed  34  cm  in  front  of  the  panel  for  reflection  measurements 
and  is  repositioned  to  3 cm  behind  the  panel  for  transmission  measurements. 

The  size  of  the  panel  limits  the  lowest  frequency  for  valid  data  to  about  10  kc  and 
to  normal-incident  sound.  Panel  descriptions  are  in  table  1 of  enclosure  (2). 

4.  The  results  of  the  measurements  on  the  reinforced  panels  are  shown  in 
tabie  2,  enclosure  (2).  At  0 psig,  the  transmission  loss  at  frequencies  of  10  kc 
and  higher  depends  on  prior  treatment  of  tho  panels.  Cleaning  the  panels  with 
aerosol  solution  and  soaking  at  shallow  depth  to  eliminate  surface-adsorbed  air 
before  making  acoustic  tests  was  not  adequate,  as  is  shown  by  the  large  trans- 
mission losses  In  the  first  part  of  table  2.  Increasing  the  hydrostatic  pressure 
to  1000  psig  decreased  the  transmission  loss  to  nearly  immeasurable  values  at 
frequencies  below  30  kc.  (The  notation  M<0. 5"  indicates  a value  between  0. 0 and 
C.  5 dB  that  could  not  be  determined  accurately  because  of  the  uature  of  the  daia. ) 
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The  transmission  losses  following  release  of  hydrostatic  pressure  were  saua, 
variable,  aoarepeatabie,  and  generally  increased  with  time  to  approximately 
the  large  initial  loss  at  0 psig.  A special  test  on  panel  374-2/1  revealed  that 
soaking  the  panel  for  15  hours  at  the  hydrostatic  pressure  10  psig  resulted  in 
transmission  losses  at  10  psig  that  were  almost  identical  with  the  losses 
measured  when  the  sample  was.  tested  at  1000  psig.  It  was  not  possible  to  retest 
the  other  panels  because  of  other  scheduled  work;  it  is  expected  that  the  tests 
will  be  made  at  a later  date. 

5.  The  measurements  at  frequencies  above  150  kc  were  made  first,  before  sub- 
sequent tests  revealed  the  effect  of  hydrostatic  pressure.  These  data,  taken 
with  the  panels  in  a 4-ft-deep  open  tank  at  room  temperature  with  only  2 feet  of 
water  head  (1  psig)  on  the  panel,  have  little  significance  other  than  to  show  the 
large  transmission  losses  that  may  exist  under  certain  conditions.  The  trans- 
mission loss  at  the  frequency  350  kc,  extrapolated  from  the  measured  losses 
in  the  region  50  to  150  kc  at  the  pressure  1000  psig,  varies  from  4 to  more  than 
10  dB  for  the  different  panels. 

i • 

6.  The  results  of  measurements  on  the  nonreinforced  panels  are  shown  in 
table  3 of  enclosure  (2). 

7.  Under  conditions  of  high  transmission  tlcivloss),  reflection  measurements 
Indicate  that  only  1 to  2%  of  the  incident  sound  energy  is  reflected. 

• at 

a.  This  report  has  been  prepared  and  released  to  snow  that  nonreinforced 
elastomers  have  low  transmission  losses  at  low  frequencies,  but  that  the  con- 
..  ditions  of  use  and/or  test  affect  the  transmission  loss  of  reinforced  elastomers 

of  the  type  tested. 

f W.  L.  PAINE 
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Table  1 

PANEL  DESCRIPTION* 

Goodyear  Elastomer  Panels 
Sizes  30  x 30  inches 

Thickness  I 


Panel  No.  ; 

(inches)  1 

Reinforci 

G265-0/1 

1-3/4 

none 

373-3/1 

1-7/8 

cord 

374-2/1 

1-3/16 

cord 

374-3/1 

1-5/8 

cord 

374-4/1 

2-1/4 

cord 

375-3/1 

1-5/8 

cord 

376-3/1 

1-1/2 

cord 

377-3/1 

1-1 A 

cord 

4799-0/1 

2 

none 

Til  3-0/1 

2 

none 

• Typo  of  elastomer  ana  of  cord  not 
Indicated  by  manufacturer,  except 
that  composition  of  G265-0/1  was 
stated  to  be  gum  rubber.  First  eight 
panels  were  cut  from  5 x 5-foot  panels. 
See  reference  (c).  Last  two  panels  not 
previously  submitted. 
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Table  2 


TRANSMISSION  LOSS 
(in  decibels) 

Normal -Incident  Sound 

GOODYEAR  REINFORCED  ELASTOMER  PANELS 


Panel  Code  No 


Press 

(pai.j) 


2.3 

1.5 

3.5 

3.3 

2.0 

4.8 

6.0 

3.8 

7.5 

9.5 

5.2 

12.5 

13.0 

7.5 

25.0 

17.0 

11.0 

29.0 

>30.0 

18.0 

>30.0 

>30.0 

25.0 

&30.0 

OO'O 
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Table  2 1 continued) 

TRANSMISSION  LOSS 
(in  decibels) 

Normal-Incident  Sound 

GOODYEAR  REINFORCED  ELASTOMER  PANELS 


• II! 

Panel  Code 

No. 

iCulp  ‘rfooS  1 rXfiv[ 

1 ■“* 

r 

y 1 

(°C)  ,(psig) ;(kc)  i 

373-3/1 i 374-2/1 

*: 374-3/1 1374-4/1 

1375-3/1 .376-3/1  -377-3/1 

--L-v—  i . • ■ -i 

"-T  L-'~ 

r — - ~ — t-  -•  - -• 

.*  ■ 

.4|  0 j 40  | 

3.1 

< 0.8 

| 2.7 

3.2 

i 2.6  I 1.9 

. 3.0 

i 50 

3.7 

1 0.8 

3.8 

4.4 

j 3.0  « 2.2 

1 3.5 

! 75  1 

7.7 

; 1.2 

J 8.0 

7.7 

! 7.0  . 4.2 

: 7.3 

i : 100  i 

11.0 

! 1.3 

i 12.0 

12.0 

i 11.0  , 5.3 

■ 11.0 

1 125  j 

14.0 

! 2-5 

! 18.0 

t 

18.0 

i 13.0  ; 7.8 

; 16.0 

; ! b°  ! 

15.0 

t 3.6 

■ 20.0 

J 

j 19.0 

j 17.0  j 11.0 

j 23.0 

1 

0 

w~ 

O 

8 

T— 

-4 

<0.5 

| <0.5 

: <o.p 

! <0.5 

! <0.5  ■ <0.5 

! <0.5 

1 ! 15  ! 

<0.5 

1 <0.5 

i <0.5 

i <0.5 

; <0.5  1 <0.5 

i 0.7 

! ;•  20 

0.5 

i <0.5 

i <0.5 

! 0.5 

; 0.8  ; <0.5 

! 0.9 

25  t 

0.9 

! <0.5 

i 0.5 

S 0.7 

i 1.2  : <0.5 

: 1.0 

i 30  j 

1.0 

! <0.5 

: 0.7 

i 

; 0.7 

j 1.2  0.5 

; 1.0 

! ! ! 

! 40  1 

1.1 

! <0.5 

! 0.7 

i 0.8 

1.2  0.6 

i 1.1 

; 1 i 50  ! 

1.2 

j 0.9 

i 0.7 

! 0.8 

1.3  : 0.8 

: 1.1 

i 75  i 

1.4 

1.0 

| 1.3 

j 1.4 

i 2.9  1.4 

1.3 

i 100  ! 

1.6 

: 1.2 

2.2 

! 2.0 

1 4.2  ’ 1.5 

1.6 

125  ! 

2.3 

■ 2.2 

! 3.0 

i 3.5 

j 5.4  1.7 

; 2.1 

! ! 

1 1 50*** j 

3.2 

1 3*3 

J..4*7 

i 5*5 

| 7.2  3.5 

3.3 

* Pressure  maintained  at  10  psig  for  15  hours  while  being  cooled  from 
25  to  4°C  before  measurement  at  0 psig 

**  Not  measured  above  150  kc  at  pressures  other  than  0 psig 

***  Not  measured  above  150  kc  at  temperatures  other  than  25°C 
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TRANSMISSION  LOSS 
(in  decibels) 


Noiaal-lncldent  Sound 


GOODYEAR  NONREINFORCED  ELASTOMER  PANELS 


Panel  Code  No 


All  values  <0.5 


Press 

(psig) 

Freq 

(kc) 

able  3 (continued) 


RANS MISSION  LOSS 
(in  decibels) 


Normal 'Incident  Sound 


GOODYEAR  NGN REIN FORCED  ELASTOMER  PANELS 


Panel  Code  Nc 


